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7KH VPDOO UHGEHOWHG FOHDUZLQJ ERUHU
Synanthedon myopaeformis %RUNK
/HSLGRSWHUD 6HVLLGDH LV D UHFHQW DGGLWLRQ WR WKH
OLVW RI LQGLUHFW SHVWV RI DSSOH LQ -RUGDQ $WH\\DW
 ,Q (XURSH WKLV LQVHFW SHVW ZDV UHJDUGHG DV
RQH RI WKH VHFRQGDU\ SHVWV RI DSSOH WUHHV
ZHDNHQHG E\ RWKHU IDFWRUV XQWLO WKH V ,W KDV
VLQFH EHFRPH D VLJQLILFDQW SHVW DQG WKLV FDQ EH
DWWULEXWHG WR FKDQJHV LQ DSSOH SURGXFWLRQ
WHFKQRORJ\ %DOD]V HW DO  ,W KDV EHFRPH DQ
LPSRUWDQW LQVHFW SHVW RQ DSSOH RUFKDUGV LQ -RUGDQ
$O$QWDU\ HW DO  S. myopaeformis KDV
EHHQ FDOOHG WKH PRVW FRPPRQ VHVLLG LQ -RUGDQ
DQG 0LGGOH (DVW FRXQWULHV $WH\\DW  ,W ZDV
UHFRUGHG WR DWWDFN DSSOH WUHHV LQ ,WDO\ %DOD]V HW
DO  *HUPDQ\ 'LFNOHU  8NUDLQH
7HUW\VKQ\  DQG (J\SW $EG (ONDGHU DQG
=DNODPD  7KH GRJZRRG ERUHU Synanthedon
scitula, DQG S. myopaeformis DUH ERWK FOHDUZLQJ
PRWKV LQ WKH Sesiidae IDPLO\ %RWK VSHFLHV ERUH
LQWR EXUU NQRWV DQG XVH WKHVH EXUU NQRWV DV
RYLSRVLWLRQ VLWHV %HUJK DQG /HVNH\  5LHGO HW
DO  :DUQHU DQG +D\  .DLQ DQG 6WUDXE
 %XUU NQRWV DUH WKH UHVXOW RI PDQ\ SDUWLDOO\
GHYHORSHG LQLWLDOV WKDW IRUP MXVW EHORZ WKH JUDIW
XQLRQ RQ VRPH GZDUILQJ DQG VHPLGZDUILQJ
URRWVWRFNV 5RP   7KH ODUYDH RI S.
myopaeformis FRPPRQO\ DWWDFN WUXQNV RI DSSOH
WUHHV RQ VL]HFRQWUROOHG URRWVWRFNV ZKHUH EXUU
NQRWV KDYH IRUPHG 'LFNOHU  *HQHUDOO\
VHVVLG ERUHUV FDXVH D VORZ GHFOLQH DQG UHGXFHG
\LHOGV RYHU VHYHUDO \HDUV RI LQIHVWDWLRQ GXH WR
JLUGOLQJ UHVXOWLQJ IURP IHHGLQJ LQ WKH FDPELDP
OD\HU:HLUHV
7KH PDLQ SXUSRVH RI WKLV UHVHDUFK ZDV WR VWXG\
WKH HIIHFW RI WKUHH DSSOH URRWVWRFNV RQ WKH
GHYHORSPHQW RI S. myopaeformis XQGHU ILHOG
FRQGLWLRQVLQ$VK6KRXEDNLQ-RUGDQ
Materials and Methods
7KH H[SHULPHQWV ZHUH FRQGXFWHG LQ
$O+DVKODPRXQ DSSOH RUFKDUGV DERXW 
DSSOH WUHHV IURP -XQH  WR 6HSWHPEHU 
LQ $VK6KRXEDN DUHD DERXW  P DERYH VHD
OHYHO DQG  NP VRXWK RI $PPDQ RQ \HDU ROG
DSSOH WUHHV Malus domestica cv. 0RQGLDO *DOD
JUDIWHG RQ 0 00 DQG 0 2UFKDUGLVWV
ZHUH UHTXHVWHG QRW WR LQWHUIHUH E\ SHVWLFLGH
DSSOLFDWLRQ
Variations in the populations of S.
myopaeformis
7KH QXPEHUV RI HJJV ODUYDH DQG SXSDH ZHUH
UHFRUGHG ZHHNO\ RQ  UDQGRPO\ FKRVHQ WUHHV IRU
HDFK URRWVWRFN IURP -XQH  WR 0D\ 
'LIIHUHQW WUHHV ZHUH VDPSOHG HDFK WLPH )LHOG
OHQVHVZHUHXVHGIRUFRXQWLQJHJJV
Percentage of infested burr knots
,QMXU\ ZDV HYDOXDWHG RQ  -XQH  $XJXVW DQG 
6HSWHPEHU  E\ FRXQWLQJ WKH QXPEHUV RI
LQIHVWHG DQG QRQLQIHVWHG EXUU NQRWV IRU HDFK
URRWVWRFN LQ RQH PHWHU RI WUXQN DERYH WKH VRLO
VXUIDFH )RXU SORWV RI WKH DSSOH RUFKDUGV ZHUH
XVHG IRU FRQGXFWLQJ WKLV H[SHULPHQW 7HQ WUHHV
ZHUH UDQGRPO\ FKRVHQ IRU HDFK URRWVWRFN LQ HDFK
SORW 7KHVH  WUHHV ZHUH FRQVLGHUHG DV RQH
UHSOLFDWH ,QIHVWDWLRQ ZDV GHWHUPLQHG E\ WKH
SUHVHQFHRIIUDVVODUYDSXSDDQGRUSXSDOFDVHV
Developmental durations of eggs and
pupae under field conditions
$FFRUGLQJ WR $O$QWDU\ DQG $WH\\DW
XQSXEOLVKHG S. myopaeformis VWDUWV
RYLSRVLWLRQ LQ 0D\ DQG SXSDWLRQ VWDUWV LQ $SULO
7UHHV ZHUH PRQLWRUHG GDLO\ GXULQJ 0D\ 
)LYH WUHHV RQ ZKLFK HJJV ZHUH ODLG RI HDFK
URRWVWRFN ZHUH PRQLWRUHG XQWLO HJJV KDWFKHG
'XH WR WKH GDLO\ LQVSHFWLRQ WKH LQFXEDWLRQ
SHULRGV ZHUH UHFRUGHG RQO\ RQ  RI  HJJV  RI 
HJJV DQG  RI  HJJV ODLG RQ 00 0 DQG
0 UHVSHFWLYHO\ 7R GHWHUPLQH WKH SXSDWLRQ
SHULRG RYHU ZLQWHUHG ODUYDH ZHUH PRQLWRUHG GDLO\
LQ $SULO  7HQ WUHHV RQ ZKLFK SXSDWLRQ ZDV
VHHQ RI HDFK URRWVWRFN ZHUH PRQLWRUHG XQWLO DGXOW
HPHUJHQFH
Data analysis
'DWD RI YDULDWLRQ LQ SRSXODWLRQV RI S.
myopaeformis GXULQJ WKH H[SHULPHQW ZHUH
VXEMHFWHG WR W\SH , JHQHUDOL]HG OLQHDU PRGHO
DQDO\VLV 7KH SHUFHQWDJH RI LQIHVWHG EXUU NQRWV
ZDV WUDQVIRUPHG XVLQJ DUFVLQH WUDQVIRUPDWLRQ
VLQ[ DQG VXEMHFWHG WR DQDO\VLV $QDO\VLV ZDV
GRQH XVLQJ 6$6  DIWHU WHVWLQJ IRU JRRGQHVV RI
ILW 0HDQ VHSDUDWLRQ ZDV FDOFXODWHG XVLQJ OHDVW
VLJQLILFDQW GLIIHUHQFHV /6' 7KH ' Y SURJUDP
-DQGHO 6FLHQWLILF  ZDV XVHG WR ILQG WKH
OLQHDU HTXDWLRQ ZKLFK GHVFULEHV WKH UHODWLRQVKLS
EHWZHHQEXUUNQRWIRUPDWLRQDQGLQIHVWDWLRQ
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7KLV LV WKH ILUVW UHSRUW RQ WKH HIIHFW RI DSSOH
URRWVWRFNV RQ LQIHVWDWLRQ E\ HJJV ODUYDH DQG
SXSDH RI S. myopaeformis DQG WKH HIIHFW RI WKUHH
URRWVWRFNV WKDW KDYH GLIIHUHQW GZDUILQJ FKDUDFWHUV
RQ QXPEHU RI EXUU NQRWV DQG SHUFHQW LQIHVWDWLRQ
RI EXUU NQRWV 7KH URRWVWRFNV XVHG ZHUH 0
GZDUILQJ 0 VHPLGZDUILQJ DQG 00
VHPLYLJRURXV S. myopaeformi ZDV VKRZQ WR
LQIHVW EXUU NQRWV RQ WKH URRWVWRFN RI WUHHV SODQWHG
LQ KLJKGHQVLW\ RUFKDUGV LQ (XURSH 'LFNOHU 
0DLQL DQG 3DVTXDOLQL  ,W LV QRW NQRZQ ZKDW
FDXVHV EXUU NQRW DOWKRXJK D FRUUHODWLRQ ZLWK
ZRROO\ DSSOH DSKLG IHHGLQJ LQMXU\ KDV EHHQ VHHQ LQ
VRPH DSSOH WUHHV LQ $VK6KRXEDFN SHUVRQDO
REVHUYDWLRQV $OVR LQIHVWDWLRQ RI EXUU NQRWV E\ S.
myopaeformis SUHGLVSRVHV WKH WUHH WR VHFRQGDU\
SHVWV WKDW FDQ JLUGOH EUDQFKHV RU HYHQ WKH WUXQN
ZHDNHQLQJ WKH WUHH 6XFK D WUHH LV QRW OLNHO\ WR EH
SURGXFWLYH DQG VKRXOG EH UHPRYHG 7KH
LQIHVWDWLRQ RI DSSOH WUHHV LQ HDVWHUQ 1RUWK
$PHULFD E\ WKH GRJZRRG ERUHU S. scitula
+DUULV KDV EHHQ GHVFULEHG %HUJK DQG /HVNH\
 :DUQHUDQG+D\
Percentage of infested burr knots
0HDQ OHYHOV RI EXUU NQRW LQIHVWDWLRQ LQ WKH 0
0 DQG 00 IRU WKH HDUO\ DQG PLG VHDVRQ
DUH SUHVHQWHG LQ 7DEOH  6WDWLVWLFDOO\ QR
VLJQLILFDQW GLIIHUHQFHV LQ WKH SHUFHQW EXUU NQRW
LQIHVWDWLRQ ZHUH IRXQG EHWZHHQ WKH WZR
VL]HFRQWUROOLQJ URRWVWRFNV 0 DQG 0 EXW ERWK
RI WKHP KDG VLJQLILFDQWO\ KLJKHU LQIHVWDWLRQ WKDQ
00 %RWK 0 DQG 0 DOVR VKRZHG
VLJQLILFDQWO\ KLJKHU QXPEHUV RI EXUU NQRWV
FRPSDUHG ZLWK QXPEHUV RI EXUU NQRWV UHFRUGHG LQ
00 7DEOH  7KH OLQHDU HTXDWLRQ WKDW
GHVFULEHV WKH UHODWLRQVKLS EHWZHHQ WKH QXPEHU RI
EXUU NQRWV DQG WKH SHUFHQW LQIHVWHG EXUU NQRWV LV
<   ; U    7KXV WKH U YDOXH
H[SODLQV DERXW KDOI RI WKH YDULDWLRQ VHHQ LQ WKLV
UHODWLRQVKLS
7KHUH DSSHDUV WR EH DQ LQFUHDVH LQ WKH LQFLGHQFH
RI EXUU NQRWV RYHU WLPH DV WKH QXPEHU RI EXUU
NQRWV SHU WUHH IRU 0 LQ -XQH DYHUDJHG DERXW  LQ
$XJXVW  LQ 6HSWHPEHU  7DEOH  ,Q
ODWHVHDVRQ 0 VKRZHG VLJQLILFDQWO\ KLJKHU
SHUFHQW LQIHVWHG EXUU NQRWV FRPSDUHG ZLWK
00DQG0
Table 1. 0HDQDQGVWDQGDUGHUURUQXPEHURIEXUUNQRWV
DQGLQIHVWHGEXUUNQRWVZLWK Synanthedon myopaeformis
XQGHUILHOGFRQGLWLRQVRQWKUHHGLIIHUHQWURRWVWRFNVRIDSSOH
LQ$VK6KRXEDNUHJLRQLQ
Date Rootstock Burr knots/10 trees % infested burr knots
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0HDQV LQ FROXPQV IRU HDFK GDWH ZLWK WKH VDPH OHWWHU DUH QRW
VLJQLILFDQWO\GLIIHUHQWXVLQJ/6'DWFRQILGHQFHOHYHO
0HDQV DUH UHDO YDOXHV DQG DQDO\VLV ZDV GRQH DIWHU
SHUFHQWDJHV ZHUH PRGLILHG XVLQJ DUFVLQH WUDQVIRUPDWLRQ
VLQï ¥[
7KHVH UHVXOWV DJUHH ZLWK /HVNH\ DQG %HUJK 
LQ WKHLU VWXG\ RQ WKH IDFWRUV SURPRWLQJ LQIHVWDWLRQ
RI QHZO\ SODQWHG DSSOH RUFKDUGV E\ WKH GRJZRRG
ERUHU LQ :HVW 9LUJLQLD DQG 9LUJLQLD 7KH\ IRXQG
WKDW WKH DPRXQW RI EXUU NQRWV KDYH D PDMRU HIIHFW
RQ WKH SRSXODWLRQ RI WKLV LQVHFW $OVR *XW HW DO
 UHSRUWHG D KLJKO\ VLJQLILFDQW DVVRFLDWLRQ
EHWZHHQ WKH URRWVWRFN DQG GRJZRRG LQIHVWDWLRQ
2Q WKH RWKHU KDQG 5LHGO HW DO  UHSRUWHG QR
DVVRFLDWLRQ EHWZHHQ WKH QXPEHU RI EXUU NQRWV
ZLWK GHJUHH RI LQIHVWDWLRQ E\ WKH GRJZRRG ERUHU
7KH\ IRXQG WKDW DSSOH WUHHV JUDIWHG RQ 00
VKRZHG VLJQLILFDQWO\ ORZHU LQIHVWDWLRQ OHYHOV ZLWK
GRJZRRG ERUHU WKDQ WKRVH WUHHV JUDIWHG RQ 0
0 00 WKDW ZHUH HTXDOO\ LQIHVWHG ZLWK
GRJZRRG ERUHU +RZHYHU *XW HW DO 
GLVFXVVHG WKH GLIIHUHQFHV EHWZHHQ WKHLU UHVXOWV
DQG WKRVH RI 5LHGO HW DO  LQ WKDW WKH ODWWHU
UHVHDUFKHUV UHFRUGHG WKH LQIHVWDWLRQ RQ WKH VDPH
URRWVWRFNEXWZLWKGLIIHUHQWVFLRQV
Developmental duration of eggs and pupae
7KH GXUDWLRQ RI WKH HJJ SHULRG GXULQJ 0D\ RI
 YDULHG IURP ± GD\V RQ WKH WKUHH
URRWVWRFNV 7DEOH  7KH DYHUDJH GDLO\
WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ GXULQJ 0D\
 ZHUH & DQG  UHVSHFWLYHO\ 7KH
GHYHORSPHQWDO SHULRGV RI SXSDH GXULQJ $SULO
YDULHG EHWZHHQ  WR  GD\V RQ WKH WKUHH
URRWVWRFNV 7DEOH  7KH DYHUDJH GDLO\
WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ GXULQJ $SULO
ZHUH&DQGUHVSHFWLYHO\
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EUDQFKHVJUDIWHGRQ000DQG0URRWVWRFNVLQWKH$VK6KRXEDNDUHDIURP-XQHWR0D\
Table 2. 'HYHORSPHQWDOGXUDWLRQVIRUHJJVDQGSXSDHRI
Synanthedon myopaeformis XQGHUILHOGFRQGLWLRQVRQWKUHH
GLIIHUHQWURRWVWRFNVRIDSSOHLQ$VK6KRXEDNUHJLRQLQ
Egg Pupa
Rootstock n Duration (d)* n Duration (d
†‡
)
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'HYHORSPHQWDO GXUDWLRQV DUH LQWHUYDOV WKDW ZHUH WDNHQ LQ
0D\
'HYHORSPHQWDOGXUDWLRQVDUHDYHUDJHV
Á)URP WKH GD\ RI SXSDWLRQ LQ $SULO WR WKH GD\ RI DGXOW
HPHUJHQFH
Variation in populations of S.
myopaeformis
1R HJJV ZHUH UHFRUGHG IURP 6HSWHPEHU WR $SULO
GXULQJ WKH VWXG\ SHULRG )LJXUH  1R VLJQLILFDQW
GLIIHUHQFHV LQ WKH QXPEHU RI HJJV IRXQG LQ WKH
WKUHH VWXGLHG URRWVWRFNV ZHUH UHFRUGHG LQ -XO\
 -XQH  DQG 0D\  EXW VLJQLILFDQWO\
KLJK QXPEHUV RI HJJV ZHUH UHFRUGHG RQ 0 LQ
$XJXVW  DQG $SULO  )LJXUH  0
VKRZHG VLJQLILFDQWO\ KLJKHU QXPEHUV RI ODUYDH RQ
-XQH  DQG 0 VKRZHG VLJQLILFDQWO\ KLJKHU
QXPEHUV RI ODUYDH LQ $XJXVW  DQG IURP
2FWREHU  WR -DQXDU\  7DEOH  1R
RWKHUVLJQLILFDQWGLIIHUHQFHVZHUHVHHQ
7KH DERYH UHSRUWHG UHVXOWV VKRZ WKDW WKHUH ZDV D
VLJQLILFDQW HIIHFW RI DSSOH URRWVWRFN RQ WKH QXPEHU
RI EXUU NQRWV SUHVHQW DQG WKH SHUFHQWDJH RI EXUU
NQRW LQIHVWDWLRQ E\ S. myopaeformis 6LQFH V
S. myopaeformis KDV EHHQ UHFRJQL]HG DV
VHFRQGDU\ SHVW RI DSSOH LQ $VK6KRXEDN UHJLRQ
WKDW UHSUHVHQWV WKH PRVW LPSRUWDQW DSSOH SODQWLQJ
DUHD RI -RUGDQ $O$QWDU\ HW DO  %XW LWV
LPSRUWDQFH ZDV LQFUHDVHG GXH WR WKH LQFUHDVHG
SRSXODULW\ RI FRPPHUFLDO GZDUILQJ DQG
VHPLGZDUILQJ FORQDO URRWVWRFNV 6HYHUDO FRQWURO
PHDVXUHV KDYH EHHQ SURSRVHG IRU FRQWUROOLQJ
VHVVLG ERUHUV $WH\\DW  VXJJHVWHG XVLQJ
&KORUPH]\O RU $FWHOOLF IRU FRQWUROOLQJ S.
myopaeformis ODUYDHLQ-RUGDQ
Table 3. 0RQWKO\PHDQQXPEHUVRIODUYDHRI Synanthedon
myopaeformis SHUWUHHDQGVWDQGDUGHUURURQ0RQGLDO
*DODDSSOHJUDIWHGRQ000DQG0LQ
$VK6KRXEDNDUHDIURP-XQHWR0D\
Number of Larvae/tree ± SE
Month/Year M9 M26 MM106
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*XW HW DO  VKRZHG WKDW PRXQGLQJ RI VRLO WR
FRYHU WKH H[SRVHG URRWVWRFN ZDV IRXQG WR EH D
KLJKO\ HIIHFWLYH DOWHUQDWLYH WR LQVHFWLFLGHV IRU
GRJZRRG ERUHU FRQWURO %XW /HVNH\ DQG %HUJK
 IRXQG WKDW WKH LQIHVWDWLRQ RI WKH URRWHG
WLVVXH UHWXUQHG GXULQJ WKH VDPH VHDVRQ DIWHU WKH
UHPRYDO RI WKH PRXQGV ,W LV GLIILFXOW WR SUHYHQW
IDUPHUV IURP SODQWLQJ DSSOH FXOWLYDUV RQ GZDUILQJ
DQG VHPLGZDUILQJ FORQDO URRWVWRFNV (YHQ WKRXJK
SHVWLFLGHV PD\ SURYLGH VDWLVIDFWRU\ FRQWURO RI WKLV
LQVHFW EXW WKH\ KDYH QHJDWLYH HIIHFWV RQ KXPDQV
DQG FDXVH SROOXWLRQ WR WKH HQYLURQPHQW LI XVHG
LPSURSHUO\ 7HVWLQJ RWKHU FRQWURO PHDVXUHV VXFK
DVWKHXVHRISKHURPRQHWUDSVLVDSSURSULDWH
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